ol O zebio ol
Iran-Water Resources
Research

Sensor Placement in Water Distribution
Network Under Dynamic Variations of
Commen Water Quality Parameters

A. Shahmirnori!, M. Saadatpour *

Abstract

Detection of pollution in any water distribution network
(WDN) is essential to maintain public health. Recent
researches have demonstrated common water quality
indicators (free Chlorine, pH, Electrical Conductivity, and...)
response to contaminants, which can facilitate the pollutant
detection in WDNS. In this research, EPANET-MSX model is
used to simulate the realistic responses of common water
quality parameters to a pollutant event in WDN, represented in
example 3 of EPANET 2.0. The aim of the study is to apply
EPANET-MSX to trace Chlorine changes in response to the
potassium cyanide injection order to optimize sensor
placements WDN. Optimal sensor placement is derived based
on coupled EPANET-MSX _ PSO (particle swarm
optimization) framework. PSO is implemented as single and
multi-objective algorithm. The objectives of the study are to
reduce the pollutant detection time, increase detection
likelihood, and reduce the contaminated water consumption as
single and/or multi-objective problems. Studies on the sensor
numbers, ranging from one to five, indicate 1- the pollutant
detection time has decreased from 36.22 to 17.41 hours, 2- the
pollutant detection likelihood has increased from 28.8% to
68.6%, and 3- the contaminated water consumption has
decreased from 31.87 to 3.78 mS. The results show direct
relationship between 1- pollutant detection likelihood and
detection time, 2- pollutant detection likelihood and
contaminated water consumptions, and 3- pollutant detection
time and contaminated water consumption in multi-objective
problems. Also, the location of the high-demand nodes in
WDN and the contamination events occurrence can affect the
location of the sensors.

Keywords: EPANET-MSX, Sensors, Single and/or Multi-
Objective Particle Swarm Optimization Algorithm, Water
Distribution Network Contamination.
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Fig. 1- Schematic representation of water
distribution network of example 3 in EPANET 2.0
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Optimization algorithm

)

Determining the optimal location of the sensors

—

Simulation-Optimization structure includes
optimization algorithm, system responses matrix, and
objective function/functions

Fig. 2- Schematic representation of steps in determination of optimal sensor placement in the current study
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2016)
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Table 2- Minimum permitted level of Chlorine
according to pH level (ISIRI, 1053)

PH o b Cawnlilo 415" 5o jlade J8las Y Joas
(1SIRI, 1053)

Free Chlorine Limit

Row pH (mg/L)
1 <8 0.5
2 8-9 0.6

& 5bodinge Joo lanl —S-Y

(S st gl sl y90 (loj (955 48 B ()
0391 Ol Gy (13,5 4ineS 5 panseds olaiCun)d (13,5 dindin
(2 2 p S ke +19) o))l s 5l a8 4 S cile |y )
Ao B 5> Glaal oyl (Glodinge 5y o0 ) s 290
555 Glual 593 93 (65,50) bangd las LB 3 g adaacSs

35 o0 JUd by Ses die (pledle 3 (53] 0

S0 pausaid (gl WS 3,90 yloy —V-F-Y
Sy bug pasedi gl oo g Sgll 3¢, gapd o alold
Oley i)l 418 N aSs S 3 &5 ol S Gl IS
S sly D95 0 oael K aSis o bawgs B3¢, o pawsuls
05 5 @Bl S K2 (sl () e oy (o9 abg,
Juoms (j by el ool U L§>9ﬂ 5.l O oley e b ply
oS 01335 a5 5y (So9)l alin «dlo yl )5 03l e
i ) il e S 18 ) a8 S clale @Sl 5 00
Oloj dais oy Lasuis b Kus a8 by (S3g)l) L4
& g5 b oSl g o 48,5 5 )3 jhao 0o ol parsess
LIS oy 3l (s b Jlow ol 030 9 K puis Jro (5391
13,5 salg ()15 s ad o9l (b ol 5l elgs g o030
b opl o e ol 1 (Ehsani and Afshar, 2010)
celo FA wadllas ol )3 (398 o5 o3l Lasuis Sagll a5 Sloj)
&ly > dgbie 4B Jai 5 &S 4 (Sl 3959 5l 4x (59 V)
vasuis & gl (pld ol 10 S 4 (aswis loj) Ta
Spdism 45 5 55 trax iy o e 4 3555 g S39l
oo Al (Sisa ik (F) alasly ol cslis FA L il a5

( ) - 55

ol

VAR bl oF olowd (o3 3l Jlw oyl ! of Kl Oliydss
Volume 16, No. 2, Summer 2020 (IR-WRR)

\A)



Cj e Ojp @B W ol T 1S5 )5 i 0,3 csyuVf o] o &S
Cusbge X Sy g yio o Bobas (de rand (bl oy
ghest o pli0)> Clg> oy yae PESE 6l 11,5 45 pli 0,0 S8
s S b s yo el @ S el candan Oles oy
L al) cepw S5 ja 0 a8 0 )8 4 gob (Bolay @l
(V) a5l oozl b 03 o Candge o (V)) alayly ) oslizl
ol yo el o Plue dteS cuple 4y dngi b g 0 dpwloro
355 3,5 s @l 5l onlial L VY ahsles 5l Lols doess « guiios
b 2y cnl )5 el Joas dbgye o die (305005 &

Al o daldl 03,5 ol ) dlie 08 45 Sloj

==Y
45 4 (loms o liz) (53901 29 59 (5Ll doreii =V Y

ol @9
Mg]gb&@wywygjm%ﬁ@;w&)@@
w5 EPANET-MSX e 55 ol eely G5 5 Slie
Yang and oldllee gl L giss pl (gilwJie 51 Jols
paly (21 0,5 pas g 3,5 kulis > Boceelli (2016)
S cloosls ool (¥ JS5) 48,5 )15 dulio 3,90 gl
B0F Eard o3 VY o)lad 08 (Sagl 51)5 ome cllis 5 o
oo VIO a8 1 01V 50,5 ooy dd VYA celio (5]

Lad 48,8 by celw ¥ 50,5 palii (yloj e 5 4ddy (o

48,5 13 VWYY 0,5 Cuwd ol ;0 WV 0,5 aalllas Cov oSl jo
0 ol 32 S e S &y (Sagll ng)s 51w aida Vo i
el sl F Loy b )18 clale jials g b (inlS 4y £,
clle g anl gals us 4 S clale jlade «ie opl o b 0
OIS e 5SS Sl cpl sy 0 yho 4 (BB &y

Al 4 3 03 g e Sg) S S0l Kl o0

23 a2 &ilgi pdlie w ol P19y dlard gl -Y-Y
WSS 5l Fluwo

Sl g oad odliiwl coll R 0 9 ¥V ) cglate dlaw 31 Lisw (ol jo
oasuis sl 3yg0 ploy LEalS =) s @y polie p Ll
e il Y g e lscwy (jledidn —Y (Sl
sl 3y90 S ain olodls s liae y3 03901 3 yan
Caol &35 )8

Ol e e bawgie Ded o duslxe (3,l6kl Hlade I yieS
Llgy 5l ey d)lbisl eSS lade oy HIS clale a8 Jloj (8juae
(Murray et al., 2010) cesl 0153 ,5 duwsloes (V4 )

()
T N
VC=>>"q(x;, t;)x At if Cy (X;,t;) < Cqpangau
j=1 i=1
z3=ivc )
A

S Gloj (VC) (bpan Ol oo bawsgio bl Zs b by, 5
lopl8 315 b el ol T 0l 3,0kl do ) j2e IS cdale
oS e (slaoS s b sl ply N g adlllas 3,50 o
P L sl At el pl | (5o pl5 )3 plT o )5 Lol (5 G(Xit)
Co blpo 4id> 0 Ly ply adllas ] )5 &l Sloj
U8l Cotandard 3 o pl iloj p8 53 pli 0,5 55 IS cale(xit)
JE Ll i cpl pd a8 Cal aSlls jd IS o kil pdaw
5009 Waldz) sl S A LCuwl oids 48 )3 Jas 15 i) 3 p)S Juo
Slaass S opl >l S5 4 p5Y )5 aleS Ll e Z3 &b
b @Sud ) S3gl jasdd )l w Aol 45 a5 548

3,5 Aalgss )8 0aiS L yae HLidl )3 Gyae slae)S 5l

Oy ol il slwdiags o 4951 -V-Y

Olejon Sloy 5l 43,5 plell (PSOM) ) plos;l jluaisay i o]
oolizl b a8 wil o gl slata] (555 5 plale clis 5y
St oSl ol ol 0 (i Jgey8 ok il (g0 S
O S b o Al e slad )3 beyd gy K ]
Coow 4 |y dcgormo bl (Siaoli (lise 4 a3 g5b o> Cuxdge
Cygo & Slyd (oolas b v ;o ) S o Colin dlpe Sl
lad ) dia Sl Bl lp g WS (0 S @ gy (ol
22 30 o Pty 4 B0)> ity g Cbgo (35 9, L Wls
Wbl 0 0] Cus s g CuxBao Coi Ay dSV 9 X lade 90 bo)yd
Lol 355 Cumbge (Slwjoydr sly @)y Wigd e 02 Syles
Aol (SsS Cop (S5S Cudse ol SleMbl ozl
9 {pbest) asl cowd ‘_’ﬂ 4 58S U a5 5500 0,0 a5 Dlex oy
(gbest) wlosw, o a4 @)y glasl & Lles oy yiae 5 dbold
.(Kennedy and Eberhart, 1997) asl

v =wv;| +C, xrand x (pbest, — x}) + (W)
C, xrand x (goest —x!)
o)

VAR bl oF olowd (o3 3l Jlw oyl ! of Kl Oliydss
Volume 16, No. 2, Summer 2020 (IR-WRR)

Y¥



Cl, Concentration (mg/L)

15
1
oK CN=0"
0.5 HEsy
"KCN=2.5
0
EEEEEEEE S8 8E8EE8232832828222328382323232323283383888
R R R EEE R EEE
QoI aaTuo caaTIhocaaTIno caaTwno T A
Time ~aSE2Ink el Bl Bl IR eIz eaalcntasgss
ooooooooooooooooooooooooooooc.hmmmmmmmmmmmmmmmmgggggggg
Fig. 3- Chlorine concentration at node 119 with and without KCN injection
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Table 3- Sensor placement nodes based on TD reduction objective
S Al gloj IR B 5 (Ko S CopnBye Y Sy

Number of Sensors Placement Node TD (hr)
5 241 177 143 197 203 17.41
3 177 241 143 24.78
1 241 36.22
Table 4- Sensor placement nodes based on DL increasing objective
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Number of Sensors Placement Node DL (%)
5 231 203 177 197 143 68.6
3 197 231 143 53.8
1 231 28.8
Table 5- Sensor placement nodes based on reduction of VC
bb,ﬂ of B paao udlS B S s CuzBgo -0 Jouo
Number of Sensors Placement Node VC (9)
5 241 177 143 197 203 988.97
3 203 241 177 3168.3
1 203 8432.12

IFAQ Ll oF 8 ylowd (o 35L5 Jlw ¢l ! of Kl Oliydss
Volume 16, No. 2, Summer 2020 (IR-WRR)
Yo



10000

40 80
o 35 g 70
5 30 B 60
5] <
§ 25 < 50

|
2 20 c 40
E 15 8 30
= g
10 0 20
5 3 1 5

Number of Sensors

a

Number of Sensors

8000

Contaminated Volume
Consumed (g)
N ey D
8 8 8
o o o

o

3 1 5 3 1
Number of Sensors

c

Fig. 4- The effects of sensor numbers on a) Pollutant TD b) Pollutant DL c) Pollutant VC
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Table 6- Sensor node placement considering TD reductions and DL increasing objectives
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Node Placement TD (hr) DL (%)
241 177 143 203 17.41 66.9
231 177 143 203 18.69 68.6
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Table 7- Sensor node placement considering TD and VC reductions objectives
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Node Placement

TD (hr) VC(q)

241 177 143

197

203 17.41 988.97

Table 8- Sensor node placement considering DL increasing and reduction of VC objectives
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Node Placement VC () DL (%)
241 177 143 197 203 988.97 66.9
231 177 143 197 203 1980 68.6
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Fig. 5- Position of nodes 241 and 231 i the case study
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